Objective: To describe the technique used for total ossiculoplasty with the Fisch titanium total prosthesis and evaluate the 1-year postoperative functional results in patients presenting with the stapes (or footplate) without the malleus handle. Study Design: Prospective trial with preoperative and postoperative comparison. Setting: Academic and private practice tertiary care center for otologic surgery. Patients: Forty-nine consecutive patients operated on from September 1996 to December 2000. Surgery: Staged ossicular reconstruction with a Fisch titanium total prosthesis placed between the footplate and the tympanic membrane without regard to the presence or absence of the stapes arch. Coupling of the prosthesis to the footplate was achieved by various techniques, including perforation, foot and spike on the footplate without perforation, and shaft alone (without foot) with tragal cartilage fixation (disc or small wedges). There was no interposition of cartilage between the prosthesis head and the tympanic membrane. Main Outcome Measures: Pre-and postoperative air and bone-conduction thresholds and air-bone gaps for puretone averages of three and four frequencies and for single frequencies. Results: Postoperative air-bone gap closures within 20 dB distributed equally (50%) between 0.5, 1, and 4 kHz and reached the highest rate (89%) at 2 kHz (p < 0.05). The postoperative air-bone gaps for pure-tone averages reached 0 to 20 dB in 57% and 0 to 30 dB in 87% of the cases. There were no dead ears and no partial or total extrusions of prostheses. The best functional results were achieved through perforation coupling of the spiked foot to the footplate in large oval windows and after fixation of the shaft (without foot) with tragal cartilage disc in narrow oval windows.
In 1994, a new titanium L-shaped prosthesis was developed for total reconstruction of the ossicular chain. The prosthesis design was based on the experience gained over more than 10 years with the malleable stainless steel core Polycel Spandrel (Xomed-Treace, Jacksonville, FL, U.S.A.). The main features of the Fisch titanium total prosthesis (FTTP) are as follows:
1. The L-shape, which affords sufficient flexibility of the prosthesis head to accommodate under the tympanic membrane without cartilage protection, better sound collection and conduction than a currently used tack-shaped columellar ossicular prosthesis, and free visualization of the oval window because of the offset of the prosthesis head for accurate placement of the prosthesis foot or shaft on the footplate. 2. The secure coupling of the prosthesis foot to the stapes footplate with a spike introduced through a minimal perforation or by stabilization of the shaft with tragal cartilage. 3. The alterable length of the prosthesis shaft, which can be precisely cut to the desired length on a special cutting block. The FTTP was introduced into clinical use in September 1996 . This article reports the 1-year follow-up results obtained with the FTTP in 49 consecutive ears presenting with the stapes (or footplate) alone without malleus handle.
MATERIALS AND METHODS

Patients
Forty-nine consecutive patients operated on from September 1996 through September 2000 by the same surgeon (U.F.)
were reviewed 1 year after surgery. Included in this study were only patients undergoing staged or revision ossiculoplasties performed in ears having the stapes (or footplate) but no malleus handle. Forty-six patients (94%) were available for the 1-year follow-up. Twenty-two patients were men and 24 were women. The mean age was 44.8 years (range, 22-65 yr) for the men and 44.7 years (range, 20-75 yr) for the women. Nineteen ears (41%) were right and 27 (59%) were left. The study was carried out in accordance with the Declaration of Helsinki and the directive of good medical practice.
Type of surgery
Thirty-nine (84.7%) were staged operations performed after primary surgery caused by chronic otitis media (COM). The remaining seven patients had been operated on previously because of trauma or minor congenital ossicular anomalies. Twelve (26%) were planned staged surgical procedures and 34 (74%) were revision operations (35% for the second, 53% for the third, and 12% for the fourth to ninth times). The selected patients presented with an intact tympanic membrane of variable thickness and with a positive Valsalva maneuver. The ossicular status is shown in Table 1 . A closed cavity was present in 25 and an open cavity in 21 of the patients.
The reconstruction of the ossicular chain was performed in all instances by placing the FTTP between the footplate and the tympanic membrane regardless of whether the stapes arch was present or not. In open cavities, a protective silastic sheeting of 1 mm thickness was placed in the meso-and protympanum (1) .
L-shaped titanium total prosthesis
The FTTP is made of pure titanium and is manufactured by Karl Storz GmbH (Tuttlingen, Germany). The prosthesis head measures 5 mm in diameter and 0.1 mm in thickness ( Fig. 1) and is attached to the 0.6-mm-diameter shaft by an angulated titanium band 0.2 mm thick. The flexibility of the angulated band allows compliance of the prosthesis head to the physiologic changes in position of the tympanic membrane.
The L-shape of the FTTP provides a lever action for sound transmission, which is different from the columellar effect of comparable rigid, tack-shaped ossicular prostheses (as, for instance, the Tübingen Titanium Prosthesis; Kurz GmbH, Dusslingen, Germany (2)).
The length of the FTTP is variable because the 10-mm-long shaft can be cut within 0.1 mm to any desired length on a special cutting block ( Fig. 2A) . The shaft must be cut 0.5 mm shorter than the desired total length of the prosthesis when the foot-spike is used. The foot, which is 1.5 mm long and 1 mm in diameter, carries a 1-mm-deep hole for the shaft. When the shaft is introduced into the foot, the total length of the prosthesis, therefore, is 0.5 mm longer than the shaft.
The prosthesis is assembled on the cutting block using special holding forceps or watchmaker's forceps ( Fig. 2B and C) . The shaft fits snugly within the opening of the foot. Special crimping forceps can be used to firmly attach the shoe to the shaft. However, this final connection should only be made after the length of the prosthesis is definitively established. We prefer to put a drop of blood (or fibrin glue) over the foot to enhance the adhesion of the connection (Fig. 2D) . When repeated measurements of the prosthesis length are required in situ, the FTTP is displaced without the foot until the final length is determined, to avoid losing the foot during transportation.
The FTTP is best transported from the cutting block to the oval window using special holding forceps or a microsuction tube (Fig. 5A) . Coupling of the prosthesis foot to the footplate was obtained by introducing the 0.3-mm-long, 0.1-mmdiameter spike through a small perforation of the footplate in 17 (37%) of 46 patients (Fig. 3A) . The footplate was perforated with a 0.3-mm manual perforator or with a laser beam. When the manual perforator was used (8 of 17 patients [47%]), the mobile footplate was stabilized with a 1-mm-long, 45-degree angled hook applied to the salient edge of the footplate or to the stapes arch. The erbium:yttrium-aluminum-garnet laser was used in 9 of 17 patients (53%) using on average three impulses of 25 mJ (range, 1-12 impulses).
The footplate was not perforated in 29 of 46 (63%) patients unwilling to undergo the risk involved in such a procedure. In these patients, the shoe with spike was placed over the intact footplate (Fig. 3B ). When the oval window niche was too narrow to accommodate the shoe, the prosthesis shaft was placed directly on the central portion of the footplate and stabilized in position through a perforated disc of tragal cartilage having the size of the stapes footplate and a thickness of 1 mm (Fig. 3C) or by wedging small pieces of tragal cartilage within the oval window niche (Fig. 3D ). In the presence of the intact stapes, the FTTP was placed without the foot on the footplate and in contact with the stapes arch. Small pieces of cartilage were used to increase the stability of the shaft (Fig. 3E) .
The malleability of the angled band permits adjustment of the FTTP head to the position of the tympanic membrane in the horizontal and vertical planes (Fig. 4A ). In the presence of the intact stapes, the FTTP was placed without the foot on the footplate and in contact with the stapes arch. Small pieces of cartilage were used to increase the stability of the shaft (Fig. 3E) .
The head of the FTTP can be reduced in diameter from 5 mm to 3 mm or changed in shape using special scissors (Fig. 4B) . The reduction in size of the prosthesis head depends on the space available for its introduction in the middle ear. The tympanomeatal flap should be elevated just enough to permit introduction of the prosthesis head while leaving the remaining portion of the tympanic membrane undetached to keep sufficient tension to stabilize the FTTP. When the prosthesis is introduced into the middle ear, the position of the foot or shaft on the stapes footplate is clearly visualized because of the angulation of the prosthesis head. After fixation of the prosthesis on the footplate, the intact portion of the tympanic membrane is elevated with the help of a right-angled hook kept in the surgeon's left hand while a 1.5-mm, 45-degree angled hook in the right hand rotates the prosthesis head under the undetached portion of the tympanic membrane (Fig. 5B) .
A slight bulging of the tympanic membrane indicates that the prosthesis is under adequate tension to stay in position during healing (Fig. 6A) . The flexibility of the angled titanium band allows the final adaptation of the FTTP head to the inclination of the tympanic membrane. There is no need to interpose cartilage between the FTTP head and the undersurface of the tympanic membrane to avoid extrusion because the titanium band is malleable enough to comply with slight physiologic movements of the tympanic membrane. The length of the band connecting the shaft and the prosthesis head can be modified if required using watchmaker's forceps.
Silastic sheeting
In open cavities, a 1-mm-thick Silastic sheeting with a prolongation in the protympanum (1) is placed within the tympanic cavity to prevent medialization of the FTTP caused by retraction of the tympanic membrane (Fig. 6B) . The sharp edges of the Silastic sheeting are eliminated by trimming them with curved tympanoplasty scissors. When the angle between the middle ear (promontory) and the eustachian tube (protympanum) prevents adequate fitting of the sheeting, alternate cuts are applied in the Silastic to reduce the rigidity of the material (1). The protective effect of the Silastic sheeting has prevented inner ear lesions in patients who developed atelectatic ears in the postoperative period (Fig. 6B ).
Computed tomography and magnetic resonance imaging compatibility
The FTTP is made of pure titanium. It can be identified without artifacts on computed tomography ( Fig. 6A and B) and is also compatible with magnetic resonance imaging (3).
Evaluation of hearing results
Preoperative and 1-year postoperative pure-tone audiograms of 46 of 49 patients (93.8%) were available for study. The pure-tone averages (PTAs) were calculated for three (0.5, 1, and 2 kHz) and four frequencies (0.5, 1, 2, and 4 kHz). Only air and bone conduction levels obtained at the same pre-or postoperative time were used for calculation of PTAs and air-bone gaps (ABGs). 
Statistical analysis
Cross-tabulation statistics were performed with 2 tests to analyze differences in hearing thresholds when subjects were assigned to groups according to audiometric data. When the numbers were the small, the Kruskal-Wallis (nonparametric analysis of variance) and the Dunn multiple comparison tests were used. Values of p Յ 0.05 were considered significant.
RESULTS
Ossicular status
An intact mobile stapes was present in 13 (28%) and a mobile stapes footplate in 29 (63%) of the cases. Four ears (9%) presented with an oval window membrane without bony remnants (Table 1 ).
An intact mobile stapes was seen more often in closed (40%) than in open (14%) cavities. The opposite was true for the footplate only, which was present in 81% of the open and in 48% of the closed cavities. An oval window membrane without osseous remnants was found in 12% of the closed and in 5% of the open cavities.
Hearing results
Air conduction
The mean pre-and postoperative air-conduction thresholds at the 1-year follow-up in 46 patients are shown in Table 2 .
The preoperative PTAs were 60.2 ± 34.8 dB for three and 62.2 ± 34.8 dB for four frequencies. The postoperative improvements of air conduction yielded 17.0 and 16.9 dB for the three-and four-frequency PTAs and varied from 13.8 to 18.8 dB for the single frequencies (SD ‫ס‬ 39. Table 3 .
There is no difference between the results obtained for the PTA of three or four frequencies. Thirteen to 17% of the patients closed the ABG within 0 to 10 dB, 57% within 0 to 20 dB, and 87% between 0 and 30 dB. Six patients (13%) have a persistent ABG of more than 30 dB. Five of these latter were "poor-risk" patients with a history of chronic adhesive otitis media, sclerotic mastoids, and radiologic signs of cholesterol granuloma. postoperative ABGs for three-and four-frequency PTAs as well as for individual frequencies. Excellent results (ABG of 0-10 dB) were found 7 times more often at 2 kHz, 3.1 times more often at 4 kHz, and 2.4 times more often at 1 kHz than at 0.5 kHz (p < 0.05). Good results (ABG within 0-20 dB) distribute equally (50-52%) between 0.5, 1, and 4 kHz and reach the highest rate (89%) at 2 kHz (p < 0.05). Failures (ABG > 30 dB) distribute equally for three-and four-frequency PTAs as well as for single frequencies, with the exception of 2 kHz. For this latter frequency, no ABG of more than 30 dB was recorded.
Bone conduction
The postoperative changes in bone conduction of more than 10 dB for the PTAs of 1, 2, and 4 kHz are shown in Table 4 . An overclosure of the ABG was observed in seven patients (15%). There was no impairment of the PTA and no total deafness during the observation period of 1 year. However an isolated sensorineural hearing loss of more than 10 dB was found in two patients (4%). Both patients had a preoperative bone conduction level of 60 and 55 dB at 4 kHz, respectively. One patient developed a 15-dB impairment at 1 kHz postoperatively; the other patient, at 20-dB impairment at 4 kHz.
Factors that may influence hearing results
The various conditions that may influence the functional results of ossiculoplasty were evaluated separately.
Original disease COM was the cause for first surgery in 39 of the 46 (85%) patients. Nineteen of the 39 patients with COM had a marginal perforation with cholesteatoma; the remaining 20, a simple central perforation of the tympanic membrane.
The best results (closure of the ABG within 0-10 dB) were found after 1 year in 6 of 20 patients (30%) with COM and central perforation but in none of the 19 patients with COM, marginal perforation, and cholesteatoma. This difference is statistically significant (p < 0.05).
Five of the six patients having a postoperative conductive hearing loss of more than 30 dB belong to the group with COM and central perforation. All these patients had a long history of chronic adhesive otitis media and sclerotic mastoids with typical radiologic signs of cholesterol granuloma (i.e., partially enlarged pneumatic cells with sclerotic bone margins). These patients desired an operation in spite of having been made aware of their limited chances of success.
Type of cavity
Twenty-five patients (54%) had a closed and 21 patients (46%) an open cavity. The hearing results according to the type of cavity are shown in Table 5 . The best results (0-10 dB ABG) and the worst results (>30 dB ABG) were more numerous in closed than in open cavities. However, these differences are not statistically significant. Table 6 shows the influence of the ossicular situation-intact stapes, footplate only, and membrane-on the functional results. More excellent ABG closures (0-10 dB) were found in the presence of the intact stapes than when the stapes arch was missing. In contrast, the worst results (>30 dB ABG) were more frequent in patients with intact stapes compared with those with the footplate only. The ossicular reconstruction performed in the presence of an oval window membrane yielded the poorest hearing gain. These differences, however, are not statistically relevant. Table 7 shows the functional results obtained with the various types of prostheses coupling to the footplate: foot-spike with perforation, foot-spike without perforation, and shaft alone (without foot). Coupling of the FTTP to the footplate through a perforation or by stabilizing the shaft without the foot on the footplate with tragal cartilage gave equal hearing results. The worst outcome was seen after placing the FTTP with the foot and spike on the intact (nonperforated) footplate (p < 0.05). No differences were found between the functional results obtained with the FTTP whether the arch of the stapes was present or not. The number of cases is, however, too small for statistical evaluation.
Ossicular status
Prosthesis coupling to the stapes footplate
Prosthesis coupling to the tympanic membrane
Revision surgery
Revision surgery was performed once in 10 patients, twice in 5 patients, and three to nine times in 3 patients. The number of revision operations did not influence statistically the hearing outcome. However, there was a 
Complications
Postoperative dizziness A minimal imbalance when walking occurred after surgery in 5 (22%) of 23 patients with a perforated footplate. This symptom disappeared within 1 to 8 days in all instances.
Prosthesis extrusion
No partial or total prosthesis extrusion was observed 1 year after surgery in any of the 46 patients.
DISCUSSION
Patient selection
The ossiculoplasties analyzed in this study were performed in a well-defined ossicular situation characterized by a mobile stapes or footplate, an absent malleus, a reconstructed but intact tympanic membrane, and a positive Valsalva maneuver. It is difficult to compare our results with those of other authors because the data published in the literature disregard the presence or absence of the malleus, the condition of the tympanic membrane, and the type of surgery (primary or secondary, staged or revision) (2, 4, 5) . Furthermore, our investigation was conducted as a prospective trial with preoperative and postoperative comparison allowing, therefore, evaluation of the majority of the patients (46 of 49 [94%]) 1 year postoperatively.
The patient selection for ossiculoplasty reflects the surgeon's philosophy. We stage ossicular reconstruction in closed and open cavities whenever there is a large perforation of the tympanic membrane and the malleus is absent. The only exception is the open cavity with mobile intact stapes, where we place, whenever possible, the new tympanic membrane over the stapes head (Type III tympanoplasty) without staging.
Ossicular status
A mobile footplate without a stapes arch was the most common finding (63%), followed by a mobile intact stapes (28%). A membrane covering the oval window without osseous footplate remnants has not been reported previously and was found in 9% of the patients. It was impossible to assess whether the oval window membrane was the result of bone atrophy caused by infection or by surgical action. The stapes arch was absent in 86% of the open and in 60% of the closed cavities. This difference is most probably due to more severe disease having led to an open cavity.
Technique of ossicular reconstruction
The ossicular reconstruction was achieved in all cases with an FTTP (K. Storz). The design of the FTTP is based on the experience gained over more than 10 years with the Polycel-Spandrel (1). The modification of the columellar tack total ossicular replacement prosthesis into an L-shaped, lever action prosthesis (1) was introduced to improve sound transmission from a columellar Type III Wullstein reconstruction to a Type II Wullstein tympanoplasty. A finite element model analysis performed by Williams and Lesser in 1992 (6) has demonstrated the superiority of an L-shaped prosthesis over the columellar implants regarding mode, shapes, displacements, and natural frequencies of sound transmission.
The reasons to change from porous polyethylene to pure titanium were as follows: 1) the better acoustic properties of titanium (low weight and high rigidity), which enhances the transfer of acoustic signals at 2 kHz (2); 2) the easier handling of titanium, which permits a variable length of the prosthesis by trimming the shaft on a cutting block and modifying the shape and size of the prosthesis head with scissors; 3) the greater flexibility of the prosthesis head because of its 0.2-mm, thin, angled titanium band connection to the shaft, which eliminates the need for cartilage protection; 4) the possibility to modify the plane of the prosthesis head in vertical and horizontal directions; 5) the minimal thickness of the prosthesis head (0.1 mm); and 6) the better biocompatibility of titanium in comparison with porous polyethylene.
Hearing results
The improvements in air conduction obtained with the FTTP 1 year postoperatively distribute nearly equally (18.8-16.5 dB) between 0.5, 1, and 2 kHz and drop slightly (13.8 dB) at 4 kHz ( Table 2) . These results compare well with those published by Zenner et al. (2) in 63 patients undergoing total ossicular reconstruction with the columellar Tübingen Total Titanium Prosthesis (Kurz). The hearing improvements observed after implantation of the FTTP are, however, on average 5 dB better than those of the columellar Tübingen prosthesis in spite of the fact that the malleus handle was missing in all our patients. The 1-year ABG improvements and airconduction threshold observed in our patients (Fig. 7 ) are in agreement with those published by Begall and Zimmermann (4) in 220 patients investigated 6 months after ossicular reconstruction with a columellar titanium TORP type Düsseldorf (Kurz). The mean ABG improvements seen after implantation of the FTTP are better than those of Begall and Zimmermann by 2.1 dB (0.5 kHz), 3.8 dB (1 kHz), 3.1 dB (2 kHz), and 1.3 dB (4 kHz). This difference is small but becomes relevant if one considers that Begall and Zimmermann included in their study 48% primary operations and that in 27% of the patients surgery was performed in the presence of a normal tympanic membrane and intact malleus. Attention has been drawn to the favorable acoustic properties of titanium (2) . The distribution of the percentage of ABG closures after FTTP implantation ( Postoperative bone conduction The absence of partial or total hearing losses of more than 10 dB for the PTA after implantation of the FTTP indicates that the L-shaped titanium prosthesis can be safely used if the selection of the patient is adequate. Only two sensorineural hearing losses limited to a single frequency were observed. One, a hearing loss of 15 dB at 1 kHz, occurred in a patient with a perforated footplate. The other, a 20 dB loss at 4 kHz, occurred in a patient on whom the prosthesis shaft was placed directly on the membrane covering the oval window. Both patients had a considerable preoperative hearing loss of 60 dB and 55 dB, respectively, at 4 KHz. The conclusion from these findings is that every surgical manipulation at the oval window is extremely delicate when there is a significant preoperative high-frequency sensorineural hearing loss. This is why we do not perforate the footplate and protect the oval window with tragal perichondrium when the footplate is missing.
Factors that may influence outcome
Original disease
The functional results obtained in 39 patients with COM demonstrated that patients with a central perforation (simple COM) yielded significantly better results (more ABG closures within 0-10 dB, p < 0.05) than those with a marginal perforation and cholesteatoma. Albu et al. (5) have reported a similar observation and remarked that the inferior hearing outcome in cases of COM with cholesteatoma resembles that seen in patients with granulating chronic otitis. This concurs with our experience because cholesteatomatous ears presented with more severe chronic middle ear disease than ears with a simple central perforation.
Type of cavity
No statistical difference was found in the hearing results obtained with the FTTP in open and closed cavities (Table 5 ). Sheey (7) came to a similar conclusion, whereas Albu et al. (5) found poorer hearing results after a canal wall down procedure. This discordant opinion is probably the result of a difference in patient selection. In ours and Sheey's series, the ossicular reconstruction was always staged when the malleus handle was absent. The advantage of staging is avoidance of ossiculoplasty in ears with insufficient ventilation (i.e., negative Valsalva maneuver and/or no visible air in the protympanum on the high-resolution computed tomographic scan).
Ossicular status
The uniformity of functional results has to be related to the placement of the FTTP between the footplate and drum regardless of whether the stapes arch was intact or not. Moretz (8) found better results of ossiculoplasty when the stapes and malleus were intact, and other authors (5,9,10) have also indicated that the presence of the malleus handle has a positive influence on ossicular reconstruction. Therefore, it would be helpful if the results of ossiculoplasty would be reported separately for ears with and without malleus.
Whether the use of a partial ossicular reconstruction prosthesis improves the results of ossiculoplasty when the malleus handle is absent remains an open question. Moretz (8) found no difference in the postoperative results obtained with partial and total prosthesis. This is in agreement with our experience. However, the ossicular reconstructions performed by Moretz (8) in the absence of the malleus handle are limited in number (4 of 80 cases [5%]) and underline the uniqueness of our material and the need for more observations of this kind.
Influence of prosthesis coupling to the stapes footplate Coupling of a prosthesis to the stapes footplate is the most critical step in ossicular reconstruction (2) . If the shaft of an implant slips out of place, touching or bridging the oval window rim, the sound transmission may be severely hampered. The FTTP was designed to avoid this problem by anchoring the prosthesis foot to the footplate through a 0.1-mm stapedotomy in which the 0.3-mmlong spike of the prosthesis foot is introduced, or by fixing the shaft with cartilage (when the oval window niche is narrow). Table 7 shows that the functional results obtained by coupling through perforation and cartilage do not differ statistically. Therefore, our choice is to use the perforation coupling in wide oval window niches and the shaftcartilage coupling (particularly the cartilage disc) in narrow oval window niches or when the informed patient refuses to take the risk involved in stapedotomy. We have stopped placing the foot with spike over the intact (nonperforated) footplate because of the poor functional results obtained with this unstable connection ( Table 7) .
Influence of prosthesis coupling to the tympanic membrane A firm and permanent connection of the prosthesis head to the undersurface of the tympanic membrane is a prerequisite for adequate transfer of sound vibrations. The flexible attachment to the shaft and the possibility to trim the prosthesis head with scissors contribute to the ideal coupling of the FTTP to the tympanic membrane ( Fig. 6A and B) . Equal functional results have been obtained with 3-, 4-, and 5-mm-diameter prosthesis heads. It appears, therefore, that for sound transmission, the stability of the coupling between drum and prosthesis is more important than the size of the head. The size of the prosthesis head should be such to allow its introduction into the middle ear, leaving a sufficient undetached portion of the tympanic membrane to keep the prosthesis head in position with sufficient tension (Fig. 5) . Staging of the operation helps to achieve adequate coupling because the tympanic membrane needs time to reach its final tension and position.
Influence of prosthesis length on functional results
Longer prostheses have given better results than shorter in both open and closed cavities. This means that a large, well-ventilated middle ear space probably has a better acoustic efficiency than a shallow one.
Effect of revision surgery
No significant difference in hearing outcome was found between staged and revision operations. The same functional results were obtained after one or more surgical procedures. However, there was a trend toward better results after a single revision operation. This confirms that extensive middle ear scars and eustachian tube dysfunction have a negative influence on the success of ossiculoplasty.
Complications
Extrusions
No partial or total extrusion was seen 1 year after implantation of 46 FTTPs. The absence of extrusions 1 year after surgery is a confirmation of the excellent biocompatibility and malleability of the FTTP because no cartilage was interposed between the prosthesis head and the tympanic membrane. Of course, a longer observation is necessary for a final judgment, but all prostheses followed for up to 7 years have remained in their original position.
Postoperative dizziness
Slight temporary dizziness (imbalance) occurred during the first 1 to 8 postoperative days in 5 (22%) of the 23 patients with perforated footplates. This situation did not occur when the prosthesis shaft was placed through a cartilage disc on the footplate. Because the hearing results are similar in both situations, we now use the cartilage fixation of the shaft in all patients presenting with a history of vertigo. The symptoms disappeared completely within 1 to 8 days. There was no case of permanent balance impairment.
CONCLUSIONS
The adjustable L-shaped FTTP was used for ossicular reconstruction in 46 ears presenting with stapes (or footplate) and without malleus. The functional results obtained 1 year after implantation confirm the good transmission of auditory signals by titanium, particularly at 2 kHz. The postoperative hearing levels and ABGs are superior and distribute more equally over the single frequencies than those published in the literature for columellar titanium prosthesis (2, 4) . The best hearing results were obtained after coupling the FTTP to the footplate through a minimal perforation or by fixing the shaft of the prosthesis on the intact footplate with a disc (or small wedges) of tragal cartilage.
The size of the prosthesis head had no influence on the functional results. Longer prostheses gave better results than shorter prostheses in both closed and open cavities.
The worst functional results were observed in patients with a long history of chronic adhesive otitis and sclerotic mastoids with radiologic signs of cholesterol granuloma. No dead ears were recorded. A bone conduction hearing loss of more than 10 dB occurred for a single frequency in two patients. Slight imbalance was present in 22% of the patients with a perforated footplate but was transitory and disappeared completely within 1 to 8 days.
